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REQUEST FOR RECONSIDERATION OF DECISION ON PETITION 

SIR: 

Petitioner hereby requests reconsideration of the Decision on Petition issued April 27, 
2007 in connection with U.S. Patent Application Serial No. 09/542,935 ("the present 
application"). A copy of the Decision on Petition is enclosed as Exhibit A. 

The Decision on Petition dismissed as moot the Petition that was filed February 8, 
2007 in the present application. The Petition that was filed February 8, 2007 requested that 
the claims of the present application be granted the priority date of U.S. Patent Application 
Serial No. 09/204,254 (now U.S. Patent No. 6,369,039). The reason for the dismissal as 
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moot was that, according to the Decision on Petition, the priority claim is "intimately 
associated with a rejection under 35 U.S.C. 1 12, first paragraph, for lack of written 
description." Thus, the priority claim, like the written description rejection, must be resolved 
by the Board of Patent Appeals and Interferences, not by petition. The relevant portion of the 
Decision on Petition appears on page 2 and reads as follows: 

Inasmuch as the benefit of priority in this particular instance is intimately associated with a 
rejection under 35 U.S.C. 1 12, first paragraph, for lack of written description, such denial of 
benefit of priority must be appealed to the Board of Patent Appeals and Interferences (BPAI). It 
is noted that such has been done. It is recognized that applicant has filed a claim of benefit of 
priority to said prior application and such claim is recognized insofar as proper. What is (and has 
been done) by the examiner is to determine whether support for the instantly claimed invention 
can be found in such earlier application. If not then benefit of the earlier application's filing date 
cannot be granted to the instantly claimed invention. Such disputes are resolved only at the 
BPAI. 

This Request for Reconsideration is being filed because the Decision on Petition 
appears to have overlooked the following: 

Whether the present claims are entitled to the priority date of U.S. Patent No. 
6,369,039 turns on whether there is support for the present claims in U.S. Patent No. 
6,369,039. A copy of U.S. Patent No. 6,369,039 is enclosed as Exhibit B. 

The written description rejection turns on whether there is written description support 
for the present claims in the present application. A copy of the present application, as filed is 
enclosed as Exhibit C. 

U.S. Patent No. 6,369,039 and the present application have significantly different 
disclosures. Compare Exhibit B with Exhibit C. 

In view of the significantly different disclosures of U.S. Patent No. 6,369,039 and the 
present application, resolution of the written description issue by the Board would not resolve 
the priority claim issue. 
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Therefore, it is respectfully requested that the Petition that was filed February 8, 2007 
in the present application be decided on its merits. 

This Request for Reconsideration is timely since it is being filed within two months of 
the April 27, 2007 issue date of the Decision on Petition. 



Respectfully submitted, 
KENYON & KENYON LLP 



JO we 2*7^ ^CXD"? 

Date 
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One Broadway 
New York, New York 10004 
(212) 425-7000 (telephone) 
(212) 425-5288 (facsimile) 
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This letter is in response to the Petition under 37 C.F.R. 1.181, filed February 8, 2007, to grant 
priority to earlier filed SN 09/204,254 (now US 6,369,039). 

BACKGROUND 

A review of the recent file history of this application shows that the examiner mailed a non-Final 
Office action to applicant on March 6, 2006, addressing claims 60, 62 and 65-91. The examiner 
on page 2 of the action addressed the priority claim stating that applicant had not complied with 
one or more conditions for receiving benefit of priority for the claimed invention in the earlier 
application, specifically stating that all claims were not supported by the disclosure of the earlier 
application under 35 U.S.C. 1 12, first paragraph, for lack of written description, and set forth 
reasons therefore. A rejection was also made of the claims under 35 U.S.C. 1 J 2, first paragraph, 
for lack of written description. The claims were also rejected under 35 U.S.C. 103(a) over 
various references and combinations. 

Applicants replied arguing the denial of priority on June 6, 2006, and addressed all other 
rejections appropriately. The examiner then mailed a Final Office action to applicants on August 
15, 2006, maintaining the denial of priority and all of the other rejections of record for essentially 
the same reasons as previously set forth. 

Applicants filed an amendment/argument directed solely to the issue of priority on November 14, 
2006. The examiner mailed an Advisory action to applicants denying entry of the paper on 
December 8, 2006. 



Applicants file this petition on February 8, 2007, followed by a Notice of Appeal on February 
16, 2007. 
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DISCUSSION 

Applicants complain that the examiner has improperly denied them benefit of priority to an 
earlier application and request that the pending claims be granted priority to SN 09/204,254. 

Inasmuch as the benefit of priority in this particular instance is intimately associated with a 
rejection under 35 U.S.C. 1 12, first paragraph, for lack of written description, such denial of 
benefit of priority must be appealed to the Board of Patent Appeals and Interferences (BPAI). It 
is noted that such has been done. It is recognized that applicant has filed a claim of benefit of 
priority to said prior application and such claim is recognized insofar as proper. What is (and has 
been done) by the examiner is to determine whether support for the instantly claimed invention 
can be found in such earlier application. If not then benefit of the earlier application's filing date 
cannot be granted to the instantly claimed invention. Such disputes are resolved only at the 
BPAI. 

DECISION 

The petition is DISMISSED as moot in that it is not directed to a petitionable matter. 

Applicant remains under obligation to file an Appeal Brief within the time period 
provided, or as extended under 37 CFR 1.136(a). 

Any request for reconsideration of this decision must be filed within TWO MONTHS of the 
mailing date thereof in order to be considered timely. 

Should diere be any questions regarding this decision, please contact Special Program Examiner 
William R. Dixon, Jr., by mail addressed to Director, Technology Center 1600, PO BOX 1450, 
ALEXANDRIA, VA 223 1 3-1450, or by telephone at (571) 272-05 19 or by Official Fax at 571- 
273-8300 





Christopher Low 

Director, Technology Center 1600 
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INSERTABLE OR IMPLANTABLE MEDICAL DEVICES SUITABLE 
FOR GENE THERAPY REGIMENS. 

Field of the invention 

The present invention relates to a method and medical device for controlled 
delivery and long tenn expression of one or more products and therapratic agents within the 
body of a patient. In particular, this invention relates to gene or cell therapies wherein the 
genetic material is coated on a surface of an insertable or implantable medical device and is 
delivered to a target location in the patient's body. 

Background of the Invention 

Gene therapy provides an attractive approach for combating many intractable 
cardiovascular diseases. Prior art gene therapy regimens sufifer fiom several limitations 
rendering application of this therapy unsuccessful in a clinical setting. Short term expression 
of therapeutic gene products, low levels of gene expression, and lack of site-specificity are 
among several factors that are responsible for the failure of this system of therapy in vivo. 
The lack of adequate integration into the host genome, or the rejection of the transgene or 
carrier vector by the immune response, are among several factors that account for the short 
duration and low level expression of gene products. 

Advances in interventional radiology and iimovative designs in balloon angioplasty 
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and stents have raised the therapeutic potential of gene and cell therqjy regimais. Long tenn 
delivery of drugs has been achieved through sustained and localized delivery of drugs in vivo. 
One potMitial drawbadc to conventional localized drug administration is the imcontrolled 
manner by whidi the drug or drug solution is released fiom the deliveiy device. It is often 
necessaiy to control and/or lengthen flie time period over which the drug is released. For 
example, it might be advantageous to lengthen the release time from hours to days or even 
weeks. Exceptionally long release times, as long as several months, are often desired, for 
example, where the drug is released from an implanted device such as a stent 

The thwapeutic use of conventional drug delivery devices is fiirther Hmited by 
problans associated witii the increased trauma to the vessel wall, rapid washout of dreg, use 
of ther^eutic agents having a single mechanism of action, and the like. For a more 
compreh«a)sive review of this subject see, for example: "Effect of controlled adventitial 
heparin delivery on smoofli muscle proliferation following endothelial injury", Edehnan B., 
^ flPgff. Natf, Afiad- gci, \3,^,^„ 87:3773, 1990; "Localized release of perivascular 
heparin inhibits intimal prolifwation after endothelial injury without systemic 
anticoagulation". Okada T., et al. Neurosurgery. 25:892. 1989; "lontophoreric 
transmyocardial drug delivery: A novel q)proach to antianhythmic drug ther^", Avitall 
B,, et c/., GffiQ., 85:1582, 1992; "Direct intraarterial wall injection of micioparticles via a 
catheter: Apotential drug delivery strategy following angioplasty," WiUnsky R., etaL Aaia. 

122: 1136, 1991; and "Local anticoagulation without systonic effect using a 
polymer hqiatin delivery system", Okada T., et al, Stroke. 19:1470, 1988. 

One way to achieve site-spe(aficity and long torn expression of a therapeutic gwie 



Docket No. 2844/56301 



product in vivo is the incorporation of genetic material, in the form of a naked or plaamid 
DNA, into a device coating. Transformation efficiency of naked or plasinidDNA,howev«-, 
is very low relative to DNA delivered by a lipid carrier or by viral vectors. Viral vectors 
present a very efHcient means of introducing foreign genes into cells. Unfortunately, viral 
vectors are usually very labile and thus not able to withstand the coating process without 
losing activity. Thus, the incorporation of viral particles mto a device coating is likely not 
to be feasible in its present foim. 

Several rqjorts in scientific literature indicate that recoinbinant viral vectors facilitate 
efficient transfer of foreign genes into somatic tissues, including vascular endothelial and 
smooth muscle cells. Early therapy-directed strategies relied on gene transfer by placement 
of a device containing transformed cells within the body of a patient The concept of direct 
gene transfer to the target ceU population, obviating the need for cell culture, has prompted 
the development of catheter based gene delivery systems. Although several prototype 
systems have demonstrated in vivo deliv^ of viral vectors to a vascular wall, resulting in 
expression of foreign genes, currently available systems are limited by the quantity and 
infectivity of vims delivered, traumatic injury to the vessel wall during delivery, and 
intem^tion of blood flow during delivery. 

Adenoassociated virus (AAV) is a viral particle with unique characteristics. It is 
solvent and heat stabile so that it may withstand the processing conditions required to 
incorporate the virus into a device coating. Furthermore, it can be stored at room temperature 
for several mondis without losing activity. The use of vectors derived fix)m adenoassociated 
virus vectors for transfwring genes in vitro and in vivo has bera described (see, in particular, 
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U.S. Pat Nos. 4,797,368; 5,139,941 ; and 5,85 1,521 each of which is incorporated herein by 
refeence). These patents describe various adenoassociated virus derived constructs in 
the replicase (rep) or cap genes are deleted and replaced by a gene of interest 

A drawback to adenoassociated virus dehveiy of genes is that the onset of protein 
expression is delayed by approximately two weeks post introduction into the cell Treatment 
of proliferative diseases such as restenosis will likely require immediate protein expression 
in order to effect the proUferative response which generally peaks about three days post 
device implantation and usually subsides by two weeks. 

This invention, as disclosed and described herein, overcomes the above-mentioned 
Imiitations of prior art gene deUvery and drug delivery systems. The device of this invention 
facilitates delivery of a i^olynucleotide sequence of interest in a controlled and stable manner 
in vivo. The mechanical problems associated with the prior art insertable or implantable 
medical devices have been overcome by the invention described herein via the use of a 
polymer coating which is capable of providing adequate tensile strength, permitting control 
of porosity and hydration edacity of the device. A new gene therapy regimen is disclosed 
that overcomes prior artproblems regarding stabiUty during coating process, site-specificity, 
and stability of expression of a polynucleotide sequence in vivo. 

These characteristics, and several others as disclosed herein^ render the medical 
device of this mvention desirable for a variety of therapeutic methods, inchiding gene and 
cell therapies. 
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//• Summary of the Invention 

In one aspect of the inventioti, there is provided a medical device having a 
biocompatible structure canying a genetic material. The biocompatible structure comprises 
a biocompatible polymeric coating that coats at least a portion of the structure and carries 
a genetic material. The genetic material comprises: (a) a first th«:apeutic agent comprising 
a vector containing a first polynucleotide that establishes a gene expression sufiBdent to 
produce a therapeutically sufiScient amount of one or more products encoded by said first 
polynucleotide; and (b) a second therapeutic agent comprising at least one of (i) a second 
polynucleotide carried by a carri^, (iO a protein; (iii) anon-genetic therapeutic agent, or (iv) 
cells. 

The genetically coated medical device of the invention preferably comprises a stent, 
cathet^ or combination thereof In a more preferred embodiment of diis invention, the 
medical device or structure of the mvention comprises a stent composed of a biocompatible 
material, including biostable or biodegradable materials. More preferably, the stent is a 
metallic stent. The stent is in any shape and made of any biocompatible material suitable for 
keeping all or part of a tubular or spiral ^paratus in an opened, expanded, coiled or tubular 
form during storage and/or following implantation. Suitable biocompatible materials for a 
stent include, but are not limited to, stainless steel, nickel, silver, platinum, gold, titanium, 
iridium, tungsten, Ni-Ti Alloys {ie,, Nitinol), inconel, poly-Hactic acid (PLLA) / poly e- 
caprolactone (PCL) blends, and the like. 

According to another aspect of the invention, there is provided a method of inhibiting 
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or treating restenosis in a subject, preferably a mammal, by administering to the subject, at 
a predetennined site in the body, the medical device of the invention. The site of 
administration is preferably a site of niechanical injxiry to an arterial wall produced by 
treatment of an atherosclerotic lesion by angioplasty. 

In yet anflier aspect of the invention, there is provided a method of controlled delivery 
of a genetic material to a subject The method comprises: (A) s^plying a polymer coating 
to at least a portion of a medical device; (B) applying a genetic material to said polymer 
coating to obtain a genetically coated medical device, said genetic material comprising: (a) 
a first therapeutic agent comprising a vector containing a first polynucleotide that establishes 
a gene expression sufBcient to produce a therapeutically sufBciait amount of one or more 
products encoded by said first polynucleotide; and (b) a second therapeutic agent comprismg 
at least one of (i) a second polynucleotide carried by a carrien (ii) a protein; (iii) a non- 
geneti c ther^eutic agent; or (iv) cells; and (C) ins^ling or implanting said genetically coated 
medical device at a predetermined site in said mammal- Steps (A) and (B) are not limited 
to orderly steps and the metfiod encompasses aq)plication of B prior to or concurrent with A, 

127. Detailed Description Of The Invention 

As used herein, the following terms are defined as foUows: 
^Waked polynucleotide^^ as used herein includes any nucleic acid molecule, not 
incoq>orated into a viral, plasmid, or other non-plasmid polynucleotide carrier. 

'^Genetic material'*, as used herein, includes any biologically active material used 
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in the cell ther^y or gene ther^y of this invention, whether, in vivo, ex vivo or in vitro 
cultures, including; bacterial, viral, prokaryotic or eukaryotic cell cultures in a transformed 
or non-transfoimed states; native or foreign polynucleotides, recombinant or natural 
polynucleotides, including reporter genes, marker genes, regulatory sequences, antisense 
molecules, and the like. Additionally, the genetic material may include non-genetic agents 
in combinatioh with aforementioned compounds and compositions. 

^7Vai/«rf';asusedherein, includes any protein, peptide, polypeptide, polynucleotide, 
in sense or antisense orientation, including DNA, RNA, DNA/RNA hybrids. The tenns 
protein, peptide, and polypeptide are used interchangeably herein. 

TAerq?£rwrfcfl^rCT/", as used herein, includes aior compound, compositionor small 
molecule that induces a beneficial biological or a medical reaction in vitro, ex vivo, or in vivo. 
The therapeutic agents are, for example, any protein, peptide, polypeptide, polynucleotides, 
small molecules, antibiotics, non-genetic agents, flier^eutic polymers, cells or a combination 
thereof. 

''Medical device'', as used herein, includes any implantable or insertable medical 
device, whether in part or in whole. 

"Stenf , as used herein, includes any tubular or helical device used to maintain or 
support a bodily orifice or cavity, including grafts. 

"Balloon catheter as used herein, includes a catheter having a balloon or multiple 
balloons that can be uiflated or deflated witihiout removal of the catheter after insertion into 
the body. 

^Thertqfeutlcalfy sufficient amount", as desoibed herein means, an effective amount 
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of an agent or product that is deteimined based on the nature and the chemical composition 
of the particular agent or product used. 

This invention describes a medical device and a method to deliver a genetic material 
within the vasculature or ducts of a patient The method and device of the invention, as 
disclosed herein, provide control over the delivery, target location, time of exposure, duration 
and amount of a one or more products and therapeutic agents within the body of a patient. 
Local expression of genes is particularly desirable in ther^ies involving the use of a 
chemotherapeutic agent, specifically when therapy is directed to a particular organ or site 
and requires non-systemic exposure of that site within the body. The gene delivery system, 
according to this invention, in combination with the use of devices such as stents or 
intravenous catheters, provides an effective device and system of gene delivery both in vivo 
md ex vivo. 

The medical device of this invention is a device adapted for introduction into the 
body, for example, into the esophagus, trachea, colon, intestines, biliary tract, urinaiy tract, 
vascular system, uret^, urethra, bronchi, pancreatic duct system, gut, nasolacrimal duct, 
sinus cavities, eye, fallopian tubes, and the like. 

Specifically, as disclosed h^in, the medical device, according to this invention, is 
any insertable or in^>Iantable medical device. Examples of tiie medical device of the 
invention, include without limitation, catheters, stents, needle injection catheter, blood clot 
filters, vascular grafts, stent grafts, biliary stents, colonic stents, bronchial / puhnonary stents, 
esophageal st^ts, urethral, stents, aneury^ filling coils and other coiled coil devices, trans 
myocardial revascularization C'TMR") devices, precutaneous myocardial revascularization 
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C'PMR"), hypodennic needles, soft tissue clips, holding devices, and the like. 

The medical device of the invention is delivered to and /or implanted at target 
locations by known techniques. Delivery is optionally perforaied widi a sheath that covers 
the coated medical device to help inhibit the release of the genetic material prior to reaching 
a target location. 

While the structure included in the medical device may be configured in a variety of 
ways, the structure is preferably configured as a stent composed of a biocompatible material, 
including biostableor biodegradable materials. More preferably, the stent is a metalUc stent 
The stent is in any shape and made of any biocompatible material suitable for keeping all or 
part of a tubular or coiled coil apparatus in an opened, expanded, coiled or tubular fonn 
during storage and/or following implantatioa Suitable biocompatible materials for a stent 
include, but are not limited to, stainless steel, nickel, silver, platinum, gold, titanium, iridium, 
tungsten, Ni-Ti Alloys (i.e, Nitinol), inconel, poly-Uactic acid (PLLA) / poly 
caprolactone (PCL) blends, or the like. 

In a prefcn^ embodunent of this invention, there is provided on the outer surface of 
a medical device , such as stent, a biodegradable, resorbable polymer. The stent, according 
to the invffltion disclosed herein, provides adequate tensile strengdi to fimction as a 
scaffolding device, permits control of porosity and hydration capacity, and, when desired, 
degrades into products that are nontoxic to the genetic material impregnated thereon or to the 
cells of the vascular wall of the patient 

Included within the scope of this invention are stents that comprise a microporous 
tube or coil spring fabricated, for example, from aliphatic polyester hleads using a floration- 
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precipitation or manizal casting^vinding techniques. 

Another preferred medical device for use >vith the present invention is a coated stent 
that is used in conjunction with a bajlopn catheter. According to this embodiment of the 
invention, a stent attached to a balloon catheter is introduced into an artery. Inflation of the 
balloon expands the stent and presses it slightly into the wall of the treated artery. When the 
balloon is deflated, the stent is left behind to bolster the arterial wall More preferably, the 
stent is a balloon-expansible stent or a self-expanding stent i ^., of the type formed with 
superelastic materials such as Nitmol, as described in U,S. Patent No. 5,954,706, 
incorporated herein by reference m its entirety. 

The invention also encompasses a catheter for delivering genetic material at a desired 
location within the body or within the wall of body lumen. The catheter has preferably an 
expandable portion mounted on a catheter shaft, the expandable portion preferably being 
expandable to a controlled pressure, Le,, to fill the cross-section of a body hunen and press 
against the wall of the body lumen. 

The device, or at least one portion of a surfece of the device that comes into contact 
with a target site, is coated with a polymeric coating. Any suitable surface of the medical 
device may be coated with apolymeric coating. The surfaces to be coated may comprise, for 
example, wells, holes, grooves, slots, flat surfaces, upper or iimer surfaces, and the like 
contained within or on the medical device* It is not necessary that an entire surfoce be 
coated, rather, mwelyaportionofa surface may be coated For example, if an expandable 
catheter is used, at least a portion of the exterior surface of the expandable portion is coated 
with a polymeric coating. 
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In another preferred embodiment of this invention, there is provided a polymer 
coating that protects and covers a surface of the medical device and prevents release of the 
genetic material &om the coating during transvascular or transductal delivery until it is 
delivered to the target location within the body. The polymer coating preferably regulates 
the release kinetics of the genetic material from tfie medical device. 

As polymeric coating, any medically acceptable natural or synthetic polym^ is used. 
According to one embodiment of this invention, the polymer comprises, for example, water 
soluble, thermally degradable, or biodegradable polymers. Examples of the polymer of this 
invention include, but are not limited to, polycapxolactone, polyorthoesters, polylactic acids, 
poly-l-lactic acid /poly e-c^rolactone blends, polyglycolic acids, catbowax, gelatin, 
chitosan, polyvinyl alcohol, polyethylene oxide, polyethylene glycol, albumin, pluronic gel 
F-127, collagen, alginates, celhilosic compounds, polyvinyl pynolidone, or a combination 
thereof. 

Also encompassed withing the scope of the invention are biostable polymers with porosity 
sufficient to allow release of therapeutics. Genetic material, including transformed cells do 
not need to be released but may stay tr^ped in a biostable matrix release protein. 

The thickness of the polymeric coating is preferably &om about 1 to about 1 000 |un, 
more prefaably from about 1 0 to about 1 00 fim, and most preferably from about 5 to about 
50 urn, per total layers. Layers of polymer coating, form about 1 to about 40 layers, each 
layer having a tiiickness of from about 1 to about 10 jim/ layer of coating, are applied to the 
appropriate surface(s) of the medical device, 

When the coated surface(s)of the medical device comes into contact with the patient's 
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blood, or othCT tissues and organs within the body, the genetic material is substantially 
released therefiom. Depending on the choice of the polymeric coating, the site of release, 
or the particular gene or cell ther^y strategy intended, the release of the genetic material is 
either immediate or follows a controlled lag time of about I to several minutes (for example, 
1, 5,10, 20, 30, 60, or 90 minutes) to allow the medical device to reach the targ^ site. 

The gen^c material, according to one embodiment of this invention, inchides one 
or more polynucleotides, carried by a vector in combination with a earner* The vector and 
the carrier are each part of the first and the second therapeutic agent, respectively. The 
vector, carrier, or both, are used to transform, transfect, or transduce eukaryotic or 
prokaryotic cells, \^iiich cells arc then applied onto or impregnated into the same or a 
different layer of coating- The terms transform, transduce, and transfect are used 
interchangeably herein. In a prefoied ^bodiment of this invention, the genetic material 
comprises transfected cells. 

Transformed cells deliver products and therapeutic agents of interest at the transplant 
site. The delivery media is formulated as needed to maintain cell function and viability. 
Cells used in cell therapy are derived, for example, torn the patient, or ftom a different 
source, including mammalian or non-mammalian sources, and from a variety of tissues and 
organs, including for example, bone marrow, blood, or liver among others, h general, cells 
are of human origin (autologous or allogenic) or of animal origin (xenogenic). This invention 
encompasses the use of cells in a wide range of developmental and growth conditions. For 
example, the use of differentiated cells, undifferentiated cells, stem cells, or progenitor cells, 
are all contemplated within the scope of this invention. Undifferentiated cells , if desired, are 
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chemically or physically induced to diiferentiate into a desired cell type. 

The vector, accotxfeig to the bvention described herein, comprises a recombinant 
vector. Preferably, the vector is a viral or plasmid vector, more preferably the vector is a 
viral vector that is replication deficient, thermostable, site specific and delayed expression 
viral vector. Most preferably, the viral vectoris stable, withstands coating processes, and has 
low immunogenicity. An example of the preferred vector of this invention is the 
adenoassociated viral vector. 

In a pref^red embodiment of the invention, the vector of the present invention is a 
delayed expression vector that delays the expression of the ftrst polynucleotide generally 
fiom about 1 to about 3 weeks after administration to a patient The expression of products 
and die stability of such expression witiiin the body of a patient are ultimately influenced by 
factors, such as, the particular site of administration, i.e., organ, tissue or cell types, within 
a patient's body. 

The carrier of this invention comprises, for example, a viral vector, non-viral vector, 
non-plasmid vector or naked nucleic add. The carrier is preferably an early expression 
canier that provides transient expression of the second polynucleotide of interest which it 
carries. The early expression carrier generally results in expression of the second 
polynucleotide within about 1 to about 2 days or sooner after administration of the medical 
device within the body of a patient. This transient expression may continue for sevra-al 
weeks in target cells. 

According to one embodiment of the invention, the first polynucleotide is carried by 
a delayed expression vector and the second polynucleotide is carried by an early expression 
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vector. The finrt polynucleotide mtegrates into the genome of cells at or around the target 
site and establishes a delayed, and stable expression with a level sufficient to produce a 
ther^utically effective amount of one or more products in these cells. An exan^le of a 
delayed expression is an expression delayed from about two days to about three weeks. The 
sufficient frequency of expression is an expression that is induced in fitMn about 5% to about 
90% of cells exposed to the vector. On average 6om about 20% to about 80% of the cells 
exposed to the vector express the product encoded by the first polynucleotide. 

A prefened non-plasmid vector of this invention inchides, for example, liposomes, 
lipofectin, lipoplexes, polyplexes, dextrans, starburst dendrimer conjugates, polybenrene 
dimethyl sulfoxide, protamine sulfate, antibody conjugates, polylysine conjugates, 
gramacidin S, artificial conjugates, viral envelopes, viral-like particles, nano or micro 
particles, polyvinyl pynolidone. SP1017,or a combination thereof 

It should be understood that the design of the vector and the earner, as discussed 
above, may depend on factors, such as, the choice of the host cell to be transfomied and/or 
the type of the products desired to be expressed. Moreover, the vector copy number, the 
abiUty to control that copy number and tbe expression of any other producis encoded by the 
first or the second polynucleotide of diis invention, such as antibiotic maikera, or antisense 
molecules should also be considered. 

Non-limiting exaaqjles of viral vectors or vectora derived from viral sources include 
adenoviral vectors, herpes simplex vectors, papilloma vectors, adenoassociated viral vectors, 
retroviral vectors, alpha vims vectors, lendvinis vectors, and the like. As described above, 
the viral vector of this invention is preferably n?)lication defective and, thus, unable to 
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replicate autonomously in the target cell. In general, the g^ome of the replication defective 
viruses, which is used within the scope of the present invention, lacks at least the region 
necessary for the replication of the virus in the infected cell. These regions can either be 
eliminated (in whole or in part), rendered non-functional or substituted by other sequences, 
in particxilar by the sequence of the gene of interest The replication defective virus may 
retain the sequences of its genome necessary for encapsidating the viral particles. 

As described above, aprefeired vector of this mvention is a viral vector d^ved from 
an adenovirus or adenoassociated virus (AAV). Adenoassociated viruses are DNA viruses 
of relatively short size which integrate, in a stable and site-specific manner, into the genome 
ofcells which ttiey infect These viruses are able to infect a wide spectrum of cells without 
inducing any effects on cellular growth, morphology or differentiation. Furthermore, they 
do not appear to be involved in human pathologies and demonstrate low immunogenicity. 

Two general types of adenoassociated virus vectors are used. In the first type, the 
capsid gene is deleted and foreign DNA (about 2 kb) is inserted at the deletion site. This type 
of vector retains the replicase gene and can integrate at a q>ecific site in the host genome. 
The second type of vector simply contams one or more AAV terminal repeats (phis a few 
additional bases) on both ends of the foreign DNA. In some cases such a vector can integrate 
and transform with >50% frequency, but the incidence of site specificity may be reduced. 

Various serotypes of adenovirus having varying structures and properties exist Of 
these serotypes, preference is given, within the scope of the present invention, to type 2 or 
type 5 human adenoviruses (Ad 2 or Ad 5) or adenoviruses of animal origin, but other 
adenoassociated subtypes, such as, subtypes!, 3, 4, and 6-42 may also be used Those 
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adenoviruses of animal origin which can be used within the scope of the present invention 
include adenoviruses of canine, bovine, or murine sources. Preferably^ the adenovirus of 
animal origin is a canine adenoassociated virus type 2 (CAV2) or it is of a mixed human and 
canine origin. 

Included within the scope of the present invention is the use of adenoviruses sharing 
the major structural features of Ad:Pac-beta Galactosidase (beta-Gal) gene. That is, the 
invention includes the use of areplication deficient E1-, ES-deleted adenovirus comprising, 
for example, Ela enhancer/packaging signals at the 3' end. The viruses have in the El 
deletion site a non-adenovh:a] encoding sequence operably linked to a promoter. The non- 
adenoviral encoding sequence can be a marker gene (such as the nuclear localizing beta-Gal 
gene, the luciferase gene, and the like). The encoding sequence can also be a gene encoding 
a therapeutically active molecule (examples of which are set forth above). The promoter to 
which the encoding sequence is operably linked is, for example, a strong viral promoter, 
such as the CMV promoter/enhancer or the respiratory syncytial virus (RSV) promoter, a 
tissue specific promoter, or an indudble promoter (i.e, the metallothionine promoter). 

Hie vector and carrier cany the first and the second polynucleotide, respectively. The 
first and the second polynucloetide are the same or a different polynucleotides according to 
this invention and are m any moleculariy acceptable form. Moleculariy acceptable forms 
include, for example, DNA,ribozymes, anti-sense DNA or RNA, naked DNA, cDNA, RNA, 
DNA/RNA hybrid, genomic DNA, and the like. 

The first or second polynucleotide, or both encodes one or more products. Products 
comprise, for example, proteins, pqitides, polypeptides, or polynucleotide molecules in sense 
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or antisense orioitation. A product is understood to be any translational^ post-translationally 
modified^ or non-translational product of a polynucleotide regardless of size and form. 
Products, include as a primazy example, those products that can compensate for a defect or 
deficiency in an animal, or those that act through toxic effects to limit or remove harmful 
cells &om the body. 

The first therapeutic agent of this invention comprises genetic materials whereas the 
second therapeutic agent of the invention may comprise either genetic or non-genetic 
materials. The non-genetic material comprises any molecule or compound that induces a 
beneficial biological or medical reaction in vitro, ex vivo, or in vivo. An example of a 
beneficial biological reaction is a reaction that stimulates and increases the chance of 
incorporation of the genetic material into the cells. 

Included within the scope of the therapeutic agents of the invention are those agents 
that enhance gene transfer and integration into cells and tissues. These agents include 
compounds such as, for example, polybrene, poly-L-lysine, dextran sulfate, polyvinyl 
pyrrolidone, SP1017 (Supratek Phanna), other polycationic substances, dexamethasone, 
substances which can inarease the permeability of tissues such as detergents and lipids, for 
example, NP-40, and SDS that increase the permeability of tissues. Further examples of the 
therapeutic agents of the invention include immunosuppressants, such as, cyclosporin, 
dexamethasone, and antibodies against cytokines, such as, TNF-alpha, among others. 

Non-limiting examples of products and therapeutic agents of the invention include: 
anti-thrombogenic agents such as heparin, heparin derivatives, urokinase, and PPACK 
(dextrophenylalanine proline arginine chloromethylketone); tissue plasminogen activator. 
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erythropoietin; antioxidants; angiogenic and anti-angiogenic agents and fectois; agents 
blocking smooth muscle cell proliferation such as rapamycin, angiopeptin, monoclonal 
antibodies enable of blocking smooth muscle cell proliferation; anti-inflammatoiy agents 
such as estrogen; calcium caitry blockers; antineoplastic/antiproliferative/ and-mitotic agents 
such as , angiostatin and thymidine kinase inhibitors; nitrofiirantoin; anesthetic agents such 
as lidocaine, bupivacaine, and ropivacaine; nitric oxide synthase (NOS); anti-coagulants 
such as D-Phe-Pro-Arg, an RGD peptide-containing compound; antithrombin compounds; 
platelet receptor antagonists; anti-thrombin anh'bodies; anti-platelet receptor antibodies; 
prostaglandin inhibitors; platelet inhibitors; vascular cell growth promotore; growth factor 
receptor antagonists; transcriptional activators and translational promotprg; vascular cell 
growth inhibitors such as growth factor inhibitors; growth factor receptor antagonists; 
transcriptional repressors; translational repressors; replication inhibitor; inhibitory 
antibodies; antibodies directed against growth factors; bifimctional molecules consisting of 
a growth factor and a cytotoxin, bifimctional molecules consisting of an antibody and a 
cytotoxin; cholesterol-lowering agents; vasodilating agents; agents which interfere with 
endogenous vasoactive mechanisms; and survival genes which protect against cell death, 
such as anti-apoptotic Bcl-2 family factors. 

According to one embodiment of the invention, the first, or the second 
polynucleotide, or both encode angiogenic and anti-angiogenic agents such as acidic and 
basic fibroblast growth factors, vascular endothelial growth factor, hif-1, epidermal growth 
fiactor, transforming growth factor a and P, platelet-derived endothelial growth factor, 
platelet-derived growth factor, tumor necrosis factor a, hepatocyte growth factor and insulra 
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like growth factor, AKT, coll cycle inhibitors including CDKinhibitors, retinoblastoma, p53, 
pi 6, p27, anti-restenosis agents, thymidine kinase ("TK"), FAS ligand, hKIS, heme 
oxygenase, nitric oxides;, and combinations thereof. 

Still other products, which can be encoded by the first or the second polynucleotide 
sequences, or both include monocyte chemoattractant protein ("MCP-l"), and the femily of 
bone moiphogenic proteins ("BMP's"*) The known proteins include BMP-2, BMP-3, BMP- 
4, BMP.5, BMP-^ (Vgr-l), BMP-? (OP-1), BMP-S, BMP-9, BMP-IO, BMP-1 1, BMP.12, 
BMP-13, BMP-14, BMP-15, and BMP-16. Currenay preferred BMP*s are any of BMP-2, 
BMP-3, BMP-4, BMP-5, BMP-6 and BMP-7, These dimeric proteins can be provided as 
homodimers, heterodimers, or combinations thereof, alone or together with other molecules. 
Alternatively or, in addition, molecules enable of inducing an upstream or downstream 
effect on BMP expression can be provided, Sxich molecules include any of the "hedgehog" 
protems, or the nucleic acids encoding them. 

In general, the first or the second polynucleotide, orbothmay each be opwably linked 
to at least one transcriptional regulatoiy sequence in a manner that allows expression of the 
polynucleotide sequence. Regulatory sequences are art*recognized and are selected to direct 
gene expression. Accordingly, the term transcriptional regulatory sequence includes 
promoters, enhancers and other expression control elements. Such regulatory sequences are 
described in Goeddel; Gene Expression Technology: Methods in Enzvmo|Qgy 185, 
Academic Press, San Diego, Calif (1990), incorporated herein by reference. 

The regulatory sequences, within the scope of the invention can include, for example, 
sequences which are naturally r^ponsible for expressing a gene, provided that these 
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sequences are capable of functioning in the infected cell. The sequences can also be 
scipiences of a different origin (responsible for expressing or regulating the expression of 
diffacnt proteins or even synthetic proteins). In particular, the sequences can be sequences 
of eukaryotic or viral genes or sequences derived therefrom, which sequences, for example, 
stimulate or repress transcriptipn of a gene in a specific or non-specific maraua- or in an 
inducible or non-inducible manner. As an example, they can be promoter sequences derived 
fix>m fhe host gaiome or from the genome of a virus, in particular the piomotera of the 
adenoviral ElA and MLP genes, CMV or LTR-RSVpromoter. 

Other regulatory sequences wiflrin the scope of this invention include eukaryotic 
promoters comprising ubiquitous promoters (HPRT, vimentin, actm, tubulin, etc.), 
intermediate filament promoters (desmin, neurofilaments, keratin, (xFAP, etc.); therapeutic 
gene promoters (MDR type, CFTR, factor Vm, etc.); tissue-specific promoters (actin 
promoter in smooth muscle cells); promoters which are prefsmitially activated in dividing 
cells, or promoters whidi reqiond to a stimulus (steroid honnone receptor, retinoic acid 
receptor, etc.). The early and late promoters of SV40; adenovirus or cytomegalovirus 
immediate eariypromot<^ lac system; tip syst«n;T7 promoter, vt^oseejqawsion is directed 
by T7 RNA polymerase; major operator and promoter regions of phage lambda; control 
regions for viral coat protein; promoter for 3-phosphoglycerate kinase or other glycolytic 
enzymes; promoters of acid phosphatase, le.. Pho5; promoters of flie yeast alpha-mating 
fectors; polyhedron promoter of the baculovirus system and other sequences known to 
control flie expression of genes of prokaiyotrc or eukaryotic cells or their viruses, and various 
combinations thereof are included within the scope of tins invention. 
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In a preferred embodiment of the invention, the first polynucleotide, the second 
poljmucleotide, or both are linked, iQ>s1ream of the coding sequence, to a signal sequence 
which directs the synthesized products into the secretory paAways of the target cell. While 
this signal sequence can be a natural signal sequence, it can also be any other functional 
signal sequence (that of the gene for thymidine kinase, for example), or an artificial signal 
sequence. 

The amount of genetic material carried on the medical device is an effective 
expression-inducing amount. As used herein, the terai "effective expression-inducing 
amount" means that amount of the genetic material that effectuates expression of a product 
encodedbyoneormoreofthepolynucleotidesequence(s)ofintei^st. Means for determining 
an effective e3q)ression-inducing amount of a nucleic acid sequence is well known in the art. 

As described above, the first and the second polynucleotide of this invention are 
carried by the vector and carrier, respectively. According to their particular structure and 
design, vector and canier molecules afEsct expression and integration of the polynucleotides 
within the body of the recipient The vector and canier system of this iriv^ition ensure 
continued expression of a product in vivo. 

According to another «nbodiment of the invention, the second polynucleotide is the 
same as the first polynucleotide, and is carried by an early expression vector that either 
integrates into the genome of the target cells or enters a transient expression route expressing 
the product(s) transiently in target cells. Transient expression usually lasts about one to 
about four weeks after administration of the medical device to a patient. 
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For example, the first therapeutic agent comprises a polynucleotide sequence 
encoding a ceU cycle inhibitor gene, such as RB, or a promoter of endothelialization, such 
as vascular endothelial growth Jactor (VEGF). These genes ate earned by a delayed 
expression vector. The second therapeutic agent comprises a polynucleotide sequence 
encoding a cytotoxic gene such as FasL. which is carried by an early expression earner. 
Therefore, the release kinetics and the dm^tion of release of the firet and the second 
therapeutic agents are controlled. 

In general, the release kinetics of the genetic material are governed by several factors, 
including for exanqile, the structure of the medical device, the structure, porosity, and 
thicknessofthepolymeric coating; the nature ofthe genetic material transformed cells, 
polynucleotide carriers, etc..), the target site of therapy, and so on. A fine balance of these 
parameters provides a controlled, and stable release of the genetic material from the device 
coating into orproximal to a target site within the body of apatient 

Expressed products, according to flie invention, are in general useful in any 
application for treating, preventing, or otherwise aflfecting the course of a disease or tissue 
or organ dysfimction. For example, products are used to inhibit angiogenesis, prevent ortreat 
restenosis, treat a cardiomyopathy, heart feihire, or other dysfimction of the heart; treat 
cystic fibrosis or other dysfimction of the lung; treat or inhibit malignant or non-malignant 

ceU proliferation; or to treat inducingncrvci blood vessel or tissueregenerationinaparticular 
tissue or organ. 

A preferred embodiment of this invention is to provide treatment of vascular 
thrombosis and angioplasty restenosis, particularly coronary vascular thrombosis, and 
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angioplasty restenosis, thereby to decrease mcidence of vessel rethrombosis and restenosis, 
unstable angina, myocaniial infarction and sudden death. The medical device and method 
of this invention can be used to treat patients having severe complications resulting ftom 
thrombus. Specific examples inchide patients with acute myocardial infarction (AMI) and 
patients fliat have failed PTCA (percutaneous transhuninal coronary angioplasty) and have 
abrupt thrombotic closure of the taigeted artery. 

Organs and tissues that are treated by the methods of the present invention mclude 
any mammalian tissue or o^gan, whether injected or implanted and whether in vivo or ex vivo. 
Non-limiting examples include the heart, lung, brain, liver, skeletal muscle, smooth muscle, 
kidney, bladder, intestines, stomach, pancreas, ovary, prostate, cartilage and bone. OthM 
organ systems susceptible to treatment include any organ system in which material flows 
through the organ from a source, so that a factor can be administered in a coating. Exemplary 
organs inchide lymph nodes, the bfle duct, the urinarytract, the lungs, the space occupied by 
the cerebro-spinal fluid, and the like. Examples of other tissues which can be treated in this 
manner include the stomach and intestines, where growth factors help accelerate repair of 
ulceration, repair of external ulcaation of skin, and general wound rq>air. 

It will be appreciated that because transformation of appropriate target cells in vivo 
represents a first step in gene therapy, choice of the particular gene delivery system will 
depend on such factors as the phenotype of the intended target and the route of 
administration. Furthermore, it wiU be recognized that the particular polynucleotide 
construct provided for in vivo transformation is also useful for in vitro transfonnation of 
cells, such as for use in the er vivo or in situ tissue culture systems. 
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Having now fiiUy described the invention, flie same would be more readily 
understood by reference to ^ific examples which are provided by way of illustration, and 
not intended to be limiting of the invention, unless herein spedfied. 

Example L Intravascular Local Gene Transfer Mediated by Coated 
Metallic Stent 

Areplication-defectiverecombinant adenovirus carrying Lac Z reporter gene 
for nuclear-specific P-galactosidase(Ad- p gal) is used in this study. Coating of the stent is 
performed by immersing a metallic stent in gelatin solution containing crosslinker for 10 
seconds, then air drying. The thickness of the coating is controlled to about 5-10 jim. The 
coated stent is mounted on a 4.0 or 3.0 mm PTCA (percutaneous transluminal coronary 
angioplasty) balloon and submersed into Ad- p gal viral stock (2 xl O" pfu/ml) for 3 min then 
implanted into carotid arteries b a rat Coating of the stent and implantation is Kpoated in 
a significant number of rats. 

The animals are sacrificed at 7,14 and 21days after implantation. P-galactosidase 
expression is assessed by X-Gal staining. The eiqjression of transgene can be detected in all 
animals, hi vessels with denuded endothelium goje e^qiression is fbund in sub-intima, media 
and adventitia. This study shows the feasibility and efficiency of adenovirus-mediated gene 
transfer to localized arterial wall by a protein-coated metallic stent. 
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Example!. Fabrication of Resorbable Microporous Intravascular Stents 
or Gene And Cell Therapy Applications 

Resorbable, microporous endoluminal stents are prepared from poly-l-lactic 
acid (PLLAypoly e-caprolactone (PCL) blends. Both helical and tube stent designs are 
obtained by solvent casting and flotation-precipitation fabrication techniques, A range of 
PLLA/PCL blend ratios and process variables are employed to investigate their influence on 
mechanical properties, porosity, and degradation rate of the stmt Polymer blends with 
higher PLLA proportions exhibit higher elastic moduli and nltunate tensile strength, lower 
elongation, porosity, and degradation rates than polymer blends with higher PCL content 
Stents with suitable mechanical properties for deploymait and siq^port of the vessel wall are 
obtained. Poly(ethylene oxide) is incorporated into these devices using an acid swelling 
technique, opening the pore structure and improving the hydiophilic character, thereby 
enabling the uptake of recombinant adenoviral vectors. The 50:50 PLLA/PCL blendedstaits 
are impregnated with recombinant adenovirus (AdCM p Gal, encoding a nuclear localizing 
variant of Escherichia coli P-galactoddase). Cultured CV-l cells incubated with stents 
impregnated with the recombinant virus express nuclear localized p-galactosidase activity, 
conflrming that absorbed virus is released from the matrix in an infectious form, with kinetics 
suggesting that genetically enhanced endovascular devices of this design are feasible. 
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Examples. Biological Activity of the Released DN A 

The biological activity of adenovirus DNA, released fix>in the surface of a 
coated medical device, is mvestigated by transfecting HEK 293 cells in vitro. The result 
indicatesthat the released DNA is biologically active and has a high tramfectionefSciency. 

Example 4. Preparation of Replication Deficient Adenovirus Vectors 

Using standardrecombinant DNA techniques, repKcation deficient adenoviral 
virions are produced that express a gene encoding vascular endothelial growth factor 
(VEGP). Successful recombination of the plasmid and the adenoviral DNA results in the 
generation of a fiill adenoviral genome (minus, for example, an Elor E3 deletions), with the 
polynucleotide sequence of VEGF cloned into the Eland/or E3 deleted regions. The 
adenovirus can include one or more endonuclease cleavage sites, i. e , restriction sites xmique 
to the adenovirus. Various sites can be used. Preferably, however, the sequence recognized 
by the endonuclease is at least 6 bases in length, more preferably, at least 8, downstream fiom 
the cleavage site(s). An endonuclease cleavage site can also be present at the E3-deletion 
site. The recombinant virions are replication deficient because they lack essential El 
adenoviral gene sequences. Howeva:, the HEK293 cell line is stably transfected with the El 
gene, thus supplying its essential fimction in trans. The replication deficient recombinant 
adenovirus is thus replication efficient in 293 cells, producing cell lysis and virion 
production. The virions that are produced do not produce lytic infections in other cell types, 
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but they can express VEGF. 

Example 5. Preparation of Replication Deficient Adenoassociated Virus 
Vectors 

The replication defective recombinant adenoassociated virus vector (AAV) 
is prepared by cotransfecting a plasmid containing a polynucleotide sequence of interest 
flanked by two AAV inverted terminal repeat (TTR) regions, and a plasmid carrying the AAV 
encapsidation genes (rep and cap genes), into a cell line which is infected with a human 
helper virus {for example an adenovirus). The AAV terminal repeats (plus a few more bases) 
are present on both ends of the foreign DNA. The AAV recombinants which are produced 
are then purified by standard techniques. The replication defective recombinant 
ad^oassociated vectors are also made by deleting the capsid gene and substituting the 
foreign DNA (about 2 kb). The vectors integrate into the genome of the recipient cells and 
transform these cells with >50% frequency. 

Example d. Pre Clinical/ Clinical Applications of the Adenoassociated 
Virus Gene Therapy 

Experiment 1. A nitric oxide synthase (NOS)-containing adenoassociated 
vector is used following coronary angioplasty to prevent restenosis. Administration is 
effected via a catheter {i.e. , a balloon-tipped catheter) or, for example, via a stent The NOS- 
SMC (smooth muscle cell) containing adenoassociated virus is used to promote 
reendothelialization and reduce proliferation of the mjured segment, and thereby prevent 
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restenosis. 

ExperimeBt 2. A nitric oxide synthase (KOS)-containiiig adenoassociated 
vector is used to treat atherosclerotic arteries. Endothelial dysfunction is an early event in 
atherosclerosis. Introduction of a NOS-containing adenovirus at a lesion site prevents 
progression to complex lesions, and promotes healing once developed. Adnunistration is 
efifected as described above (/.e, by catheter or by stent). 

Experiment 3. A nitric oxide synthase (NOS)-contaiiiing adenoassociated 
vector is used in anti-cancer thtt^y. NOS is used to promote cell death. Accordingly, the 
NOS-adenovinises vector is dehvered to well vascularized tumors to effect the generation 
of cytotoxic levels of NOS. Administration can be effected by direct injection or 
implantation into the tumor tissue or, for example, by intravascular injection. TTie particular 
isoform used is mNOS. 

Example 7. Expression of Two Products Encoded by Two Polynucleotide 
Sequence of Interest Carried By Two Expression Vectors 

The replication defective recombinant adenoassociated vniis vector (AAV) 
is prepared by cotransfecting a plasmid containing vascular endothelial growth factor 
(VEGF) flanked by two AAV invited terminal repeat (TTR) regions, and a plasmid carrying 
the AAV enc£f»3idation genes (rep and cap genes), into a cell line which is infected with a 
human helper virus (for example an adenovirus). The AAV terminal rq)eats (plus a few 
more bases) are present on both ends of the foreign DMA. The AAV recombinants which 
areproducedare then purified by standard techniques. Thereplication defectiverecombinant 
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adenoassociated vectors are also made by deleting flie capad gene and substituting the 
foreign DNA (about 2 Kb) with a polynucleotide sequence ajcoding the whole or a portion 
of a cell cycle inhibitor gene or apromoter of endothelialization, such as vascular endothelial 
growth fector (VEGF) is cloned into the rq)lication-defective AAV vector produced above. 
The AAV recombinant vector thus produced is used as the delayed expression vector. The 
second sequence of interest is a polynucleotide sequence encoding FAS ligand. This 
sequence is cloned into an adenovirus derived vector under the direction of the early 
promoter of SV40. Both the AAV recombinant vector and the adenovirus derived vectw are 
^plied onto, or impregnated into, one or several layers of a coating on the surface of a steal 
The strait is administered to a patient following coronary angi(^lasty to prevent restenosis. 
The VEGF containing AAV recombinant vector is used to promote reendothelialization of 
the injured segment, and tiiereby prevent restenosis. 

Both the early expression vector and the delayed expression vectors are efifective in 
this ther^y. The delayed expression vector mtegrates into the genome of the recipient cells 
and tiBnsfonn these cells with >50% ftequency. The early expression vector transiently 
expresses the product of FAS L after about 1 or 2 days of delivery to target cells. The 
transient oqiression of FAS L continues about 1 to 4 weeks in the patient's body. 
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Oahn L A medical device comprising: 

a biocompatible structure carrying a genetic material, said biocompatible 
stractuTB conqirising a polymaic coating that coats at least aportion of said stmcture, said 
genetic material comprising: 

(a) a first thOTtpeutic agent comprising a vector containing a firet 
polyuncleotide that establishes a gene expression sufficient to produce a therapeutically 
sufficient amount of one or more products encoded by said first polynucleotide and 

(b) a second therq)eutic agent comprising at least one of (i) a second 
polynucleotide carried by a carrier, (ii) aprotein; (iii) a non-genetic therapeutic agent, or (iv) 
cells. 

Claim 2. The medical device of claim 1, wherein said second ther^eutic ageait is 
said second polynucleotide, said vector establishes a delayed gene expression, and said 
carrier establishes an early gene expression. 

Claim 3. The medical device of claim 1, wherein said vector is an adenoassodated 
virus vector. 

Claim 4, The medical device of claim 1, wherein said carrier is a viral vector, 
plasmid vector, non-plasmid vector, or a combination thereof. 

Claim 5. The medical device of claim 1, wherein said carrier comprises a naked 
nucleic acid molecule. 

Claim6. The medical device of claim 4, wherein said non-plasmid vector comiHises 
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liposomes, lipofectin, lipoplexes, polyplexes, dextrans, staAiirst, deadrimer conjugates, 
polybenrene dimettiyl sulfoxide, protamine sulfate, antibody conjugates, polylysine 
conjugates, gramacidin S, artificial conjugates, viral envelopes, viral-like particles, nano or 
micro particles, or a combination thereof. 

Claim 7. The medical device of claim 1, wherein said first polynucleotide and 
said second polynucleotide are the same. 

Claim 8. The medical device of claim 1, wherein said vector, said carrier, or 
both are site specific. 

Claim 9. The medical device of claim 1, wherein said firstpolynucleotide , said 
second polynucleotide, or both encodes one or more products selected fioro the groiq) 
consisting of: nitric oxide synthase; human fibroblast growth fector; vascular endothelial 
growth factor; tissue plasminogen activator, anti-thiombogenic agents; etytiiropoietxn; 
antioxidants; angiogenic and anti-angiogenic agents; agents blocking smooth muscle cell 
proliferation; angiopeptin; monoclonal antibodies capable of blocking smooth muscle cell 
proliferation; anti-inflammatory agents; calcium entry blockers; 
antineoplastic/antiproliferative/ anti-mitotic agents; anti-coagulants; antitbrombin 
compounds; platelet receptor antagonists; anti-thrombin antibodies; anti-platelet receptor 
antibodies; prostaglandin inhibitors; platelet inhibitors; vascular cell growtii promotois; 
transcriptional activators; translationfitl promotors; vascular cell growth inhibitors; growtii 
factor receptor antagonists; transcriptional repressors; translational repressors; orreplication 
inhibitors. 

Claim 10. The medical device of claim 1^ wherein said vector comprises a viral 
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vector. 

Claim IL The medical device of claim 10, wherein said vector is thermostable, 
replication-deficient, non-immunogenic, or a combination thereof 

Qahn 12. The medical device of claim 1 whaein said expression is achieved in 
about 20% to about 80% of cells exposed to said genetic material 

Claim 13. The medical device of claim 2, wherein said delayed ejqiression is an 
expression delayed &om about two days to about three weeks after administration in vivo. 

Claiml4. The medical device of claim 1, wherein said vector, said canier, or both 
contain regulatory sequences. 

Claim 15. The medical device of claim 1, wherein said cells comprise transfected, 
transformed or transduced cells. 

Gaim 16. The medical device of claim 1 5, wherein said cells are autologous cells. 

Claim 17. The medical device of claim 1, wherein said biocompatible coating 
comprises polyurethane, siHcone, EVA, poly-l-lactic add /poly e-^aprolactone blends, or a 
combination thereof. 

Claim 18. The medical device of claim 1 , wherein said polymer coating is fi-om about 
1 to about 40 layers having a thickness of from about 1 to about 10 ^m/ layer of coating. 
Claiml9. The medical device of claim 1, wherein said structure is a stent 
Claim 20. The medical device of claim 19, wherein said stent is a metalKc stent 
Claim 21 . The medical device of claiml9, wherein said stent is a coil spring made 
fix)m aliphatic polyester blends. 

Claim 22. The medical device of claim 19, wherein said stent is a microporous tube 
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made from aliphatic polyester blends. 

Claim 23* The medical device of claim 1, wherein said first ther^eutic agent and 
said second therapeutic agent are applied onto or impregnated into a same lay^ of said 
polymer coating. 

Claim 24. A method of inhibiting or treating restenosi? in a patient, said method 
comprising administering at a predetemiined site within die body of said patient the device 
of claim 1. 

Claim 25. The method of claim 23, wherein said site is a site of mechanical injuiy 
to an arterial wall produced by treatment of an atherosclerotic lesion by angioplasty. 

Claim 26. A method of controlled delivery of a genetic material to a mammalian 
bodyconq}rising; 

(A) ^plying a polymer coating to at least a portion of a medical device; 

(B) flying a genetic material to said polymer coating to obtain a genetically 
coated medical device, said genedc material comprising: (a) a first ±erapeutic agent 
comprising a vector containing a first polynucleotide that establishes a g^ expression 
sufficient to produce a therapeutically sufficient amount of one or more products encoded by 
said first polynucleotide^ and (b) a second therapeutic agent comprising at least one of (i) a 
second polynucleotide carried by a carrier, (ii) a protein; (iii) a non-genetic ther^eutic 
agmt; or (iv) cells; and 

(C) inserting or implanting said genetically coated medical device at a 
predetennined site in said manunal. 

Claim 27. The method of claim 26, wherein said vector is adenoassodated virus 
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vector. 

Claim 28. The method of claim 26, wherein said carrier is a viral vector, plasmid 
vector, a non-plasmid vector, or a combinatLon thereof. 

Claim 29. The method of claim 26, wherein said carrier comprises a naked nucleic 
acid molecule. ' 

Claim 30. The method of claim 26> wherein said non-plasmid vector comprises 
liposomes* lipofectin^ lipoplexes, polyplexes, dextrans, starburst, dendrimer conjugates, 
polybenrene dimethyl sulfoxide, protamine sulfate, antibody conjugates, polylysine 
conjugates, gramacidin S, artificial conjugates, viral envelopes, viral-like particles, nano or 
micro particles, or a combination thereof. 

Claim 3 1 . The method of claim 26, wherein said first polynucleotide and said second 
polynucleotide are (he same. 

Claim 32. The method of claim 26, wherein said vector, said carrier, or both are site 
specific. 

Claim 33. The method of claim26, wherein said first thei^eutic agent, said second 
therapeutic agent, or both cause the production of one or more products selected firom the 
group consisting of: nitric oxide synthase; human fibroblast growth factor; vascular 
endothelial growth &ctor, tissue plasminogen activator^ anti-thrombogenic agents; 
erythropoietin; antioxidants; angiogenic and anti-angiogenic agents; agents blocking smooth 
muscle cell proliferation; angiopeptin; monoclonal antibodies capable of blocking smooth 
muscle cell proliferation; anti-inflammatory agents; calcium entry blockers; 
antineoplastic/antiproliferative/ anti-mitotic agents; anti-coagulants; antitfarombin 
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compounds; platelet receptor antagonists; anti-thrombin antibodies; anti-platelet receptor 
antibodies; prostaglandin inhibitors; platelet inhibitors; vascular cell growth promotois; 
transcriptional activators; translational promotors; vascular cell growth inhibitors; growth 
factor receptor antagonists; transcriptional repressors; translational repressors; rqplication 
inhibitors, or a combination thereof. 

Claim 34, The method of claim 26, wherein said vector comprises a viral vector. 
Claim 35. The method of claim 34, herein said viral vector is thermostable, 
replication-deficient, non-immunogenic, or a combination thereof 

Claim 36, The method of claim 26, wherein said expression is achieved in about 20% 
to about 80% of cells exposed to said genetic material. 

Claim 37. The method of claim 26, v^erein said vector is a delayed expression 
vector and said carrier is an early eT^ression carrier. 

Claim 38. Themethodofclaim 37, wherein said delayed expression is an expression 
delayed firom about two days to about 3 weeks after administration in vivo. 

Claim 39. Themethodofclaim 26, wherein said vector, said carrier, or both contain 
regulatory sequences. 

Claim 40. The method of claim 26, wherein said cells coniprise transfected, 
transformed or transduced cells. 

Claim 41. The method of claim 40, wherein said cells are autologous cells. 
Claim 42, The method of claim 26, wherein said coating conlprises polyurethane, 
silicone, EVA, poly-l-lactic acid /poly e-caprolactone blends, or a combination thereof 

Claim 43. The method of claim 26, wherein said polymer coating is from about 1 to 
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about 40 layers having a thickness of from about 1 to about 10 fim/ layer of coating. 

Claim 44. The method of claim 26, wherein said structure is a stent 

Claim 45. The method of claim 44, \\*erein said stent is a coil spring made from 
aliphatic polyester blends. 

Claim 46. The method of claim 44, wherem said stent is a microporous tube made 
from aliphatic polyester blends. 

Claim 47. The method of claim 44, wherein said stent is a metallic stent. 

Claim 48. The method of claim 26> wherein said first ther^eutic agent and said 
second therapeutic agent are applied onto or impregnated into a same layer of said polymer 
coating. 

Claim 49. The method of claim 26, wherem said therapeutic agent is a protein. 
Claim 50. The method of claim 26, wherein said therapeutic agent is a small 
molecule/ 

Claim 5 1 . The method of claim 26, wherein said therapeutic agent is a non-protein 
based agent 
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ABSTRACT 



An implantable or insertable medical device suitable for gene or cell therapy 
regimens, andmethod of making and using same are disclosed. The medical device contains 
a biocompatible structure carrying a genetic material. The biocompatible structure includes 
a polymeric coating that coats at least a portion of the structure. The genetic material 
includes a first therapeutic ag^t comprising a vector containing a first polynucleotide 
sequence that establishes a gene expression sufficient to produce a therq>eutically sufficient 
amount of one or more products encoded by said first polynucleotide; and a secoxKl 
therapeutic agent comprising at least one of (i) a second polynucleotide carried by a carrier, 
(ii) a protein; (iii) a non-genetic therapeutic agent, or (iv) cells. 

The medical device and method of this invention facilitate successful integration as 
and a long term expression of one or more genetic-based and non-genetic based products 
within a patient's body. 
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